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[57] ABSTRACT

A reflection-type photosensor is formed in a body of
U-shape with lenses formed on arms of the U. The
optical axes of the lenses intersect at a location outside
of the U-shape at a position above the gap between the
arms. The surface roughness of facing surfaces of the
arms 1s such as to cause light dispersion. Leads are
formed in parallel within the body and exit the bottom
surface. The light emitter and light detector may be
mounted on thinned parts of first leads such that periph-
eral portions of the first leads serve as reflective sur-
faces.

8 Claims, 2 Drawing Sheets
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1
" REFLECTION-TYPE PHOTOSENSOR

BACKGROUND OF THE INVENTION

The present invention relates to a reflection-type
photosensor, and more particularly to a simple resin-

molded reflection-type photosensor.

In a conventional reflection-type photosensor, ufi-
lized as a pattern recognition sensor or a tape-end sensor 1
for a VCR (video cassette recorder), the light emitting
portion and the light detecting portion are prepared
separately and then assembled into a unit package such
that they are spaced from one another and coupled with
respect to radiation emitted and detected thereby, via a 15

reflective object.
Such conventional reflection-type photosensor has a
ceramic substrate with a pir of recesses in one surface

thereof, input leads and output leads implanted into the
substrate such that the leads extend from the bottoms of 20
the recesses to the other surface of the substrate, and a
light emitting pellet and a light detecting pellet which
are respectively disposed within the two recesses and
mounted on tip ends of respective ones of the input and
output leads with the other electrodes electrically con-
nected to tip ends of respective other ones of the input
and output leads. The recesses are filled with a transpar-
ent silicone resin and covered with a transparent cap.

In the conventional reflection-type photosensor,
however, the structure becomes bulky, and in addition,
the assembly work is complicated.

SUMMARY OF THE INVENTION

An object of the invention is to provide a reflection-
type photosensor with a resin-molded single package
which is adaptable to mass productivity at low cost.

Another object of the invention is to provide a reflec-
tion-type photosensor with a resin-molded structure of
a size smaller than the prior art structure.

One of the features of the invention resides in that
pellet-mounting areas of leads in light emitting and
detecting portions are disposed substantially in the same
plane within a single molded package with a pair of
lenses, and a light emitting pellet and a light detecting 43
pellet are photocoupled in side-by-side relationship so
that the structure is made suitable to mass production.

In order to attain enhancement of the optocoupling
efficiency, it 1s preferable to provide a reflection portion
in the leads for mounting the pellets. That is, the pellet
mounting areas are recessed or thinned to form stairs or
steps between the pellet mounting areas and the remain-
ing area of the leads. The wall of the stair can be utilized
for light reflection.
~. Still further, an air gap is provided between the emit-
ting portion and the detecting portion, and preferably,
at least inside surfaces of the air gap are finished with a
rough surface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing the surface
appearance of a reflection-type photosensor according
- to a first embodiment of the invention.

FIG. 2 is a cross-sectional view of FIG. 1.

FIG. 3A, FIG. 3B and FIG. 3C are a front view, a
top view and a right side view, respectively of a second
embodiment.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1 and FIG. 2, a light emitting por-
tion 12 comprises a light emitting pellet 32 mounted on
a mounting area 222 at a tip end of one of the two input
leads 22 and electrically connected thereto. The other
electrode (not shown) of the emitting pellet 32 is electri-
cally connected to a tip end 224 of the other of the two
input leads 22 through a bonding wire 42. Similarly, a
light detecting portion 14 comprises light detecting
pellet 34 mounted on a pellet mounting area 242 of one
of two output leads 24. The other electrode (not shown)
of the detecting pellet 34 1s electrically connected to a
tip end 244 of the other output lead 24. The emitting
portion 12 and detecting portion 14 are supported by a

bridge portion 16 so as to form an air gap portion 17
therebetween. The emitting portion 12 and detecting

portion 14 are further provided with first and second
convex lenses 181 and 182 located respectively at cor-
ner portions adjacent to the gap portion 17. The optical
axis of the first lens 181 is aligned in a plane parallel to
a principal surface of the emitting pellet 32 so as to
converge the light emitted from the side surfaces of the
emitting pellet 32 and direct the light toward the object

- 100. In the same manner, the optical axis of the second

lens 182 is aligned in a plane parallel to a principal sur-
face of the detecting pellet 34 so as to converge re-
flected light from the object 100 on the side surface of
the detecting peliet 34. In other words, the optical axes
are arranged so as to cross to each other above the gap
portion 17.

According to this embodiment, since the air gap por-
tion 17 is provided between the emitting portion 12 and
detecting portion 14 and between the lenses 181 and
182, direct optocoupling between the emitting pellet 32
and detecting pellet 34 can be neglected for commercial
use. This is because light dispersion occurs at both walls
opposing each other through the air gap portion 17,
thus the direct optocoupling, which is detected as noise,
is decreased while reflected light, detected as a signal, is
enhanced by the pair of the lenses 181 and 182. If the air
gap portion were omitted, the signal to noise (S/N)
ratio would be greatly decreased and the device could
not be used in practice. To this end, it has previously
been thought that a light shielding portion between the
emitting portion and the detecting portion was unavoid-
able. This thinking has engendered a complicated manu-
facturing process and high cost.

According to the present invention, on the contrary,
all of the emitting portion with its lens, the detecting
portion with its lens and the bridge portion are com-
monly housed within a single resin-molded package
thereby facilitating the manufacturing process. Further-
more, since all leads 22 and 24 are arranged in the same
plate and both the pellet mounting areas 222 and 242 are
present also in the same plane, the thickness of the
molded package can be decreased. Moreover, all the
leads 22, 24 can be derived from the same direction as
illustrated, and therefore the width of the reflection-
type photosensor or its dimension in the direction of the
optical axis can reasonably be minimized. Since all the
leads are derived in the same plane and in the same
direction, a transfer molding technique using a two-split
metal mold which is adaptable to mass production can
easily be applied. |

Where transfer molding is carried out by means of a
two-split metal mold, the splice line of the mold must be
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matched with the lead frame surface. In FIG. 1, the
splice line of the metal mold is indicated by a dotted line

60.
The single resin to be used for the molding should be

transparent to the light emitted from the emitting pellet.

When the outside surface of the resin-molded pack-
age is made rough, except for the lens portion, the S/N
ratio is further improved. Such modification can be
easily achieved by finishing the inside surfaces of the
two-split metal mold like a frosted glass surface except
for the portion corresponding to the convex lenses
which should be finished like a mirror surface.

The region of the rough surface or ground surface

can be limited to only the opposing wall portions 171
exposed to the air gap portion 17.
- FIG. 3A to FIG. 3C show another embodiment of
the invention. Like reference numerals represent like
parts in FIG. 1 and FIG. 2. What is different from the
foregoing embodiment is that the pellet mounting areas
of the leads take another form. As shown in FIG. 3A
and FIG. 3B, the respective pellet mounting areas 222
and 242 of the leads are formed thinner than the thick-
ness of the adjacent elongated lead wire portion 22,
thereby providing a pair of stair wall portions 225 and
245 at two adjacent side edges of the pellet mounting
area.

In this embodiment, part of the light coming from the
emitting pellet 32 is reflected by the pair of stair wall
portions 225, and likewise, part of the light incident on

the detecting portion 1s reflected at a pair of stair wall

portions 245 of the output lead 26 toward the detecting
pellet 34 to increase the quantity of the incident light,
thus contributing to an enhancement of the photocou-
pling efficiency.

- The thin portions of the element mounting areas are
formed concurrently when forming the lead frames by
appropriately designing the lead frame punch cutting
die and therefore manufacturing processing will not be
increased thereby. It is apparent that the lead frames can
be formed not only through punching but also by a
known etching process.

As a typical example of the invention, a light emitting
diode (LED) of gallium arsenide (GaAs) and emitting
infrared rays is used as the emitting pellet 32, and a
phototransistor of silicon (Si) is used as the detecting
pellet 34. Each pellet is mounted on a silver plated iron
lead frame with silver paste. The pellets are then sub-
jected to transfer molding after wire bonding by means
of gold wire. An infrared ray transmissive, visible light
blocking resin or, for example, 2 product known as
NT8513-9700 (manufactured by Nitto Electric Indus-
trial Co., Ltd.) which uses visible light blocking dye-
stuff mixed in an epoxy resin, is used as the molding
resin.

Referring to typical dimensions of each part, the
resin-molded package is 11.0 mm in overall width, 2.5
mm in thickness and 8.5 mm in height. Each convex lens
181, 182 is semispherical and 2 mm in diameter. The
distance between vertices of the convex lenses 181 and
182 15 3.0 mm. The thickness of the pellet mounting
areas of both leads is 0.26 mm, while that of the remain-
ing area of the leads is 0.46 mm. Thus, the height of stair
wall portions 225 and 245 is 0.2 mm. Since the thickness
of the ordinary emitting and detecting pellets is about
0.2 mm, the stair wall portions may act effectively as
reflectors. When the outside surface of the resin-molded
package except for lens portions has a roughness of
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about 5 to 10 p,m,' noise or leak current 1s decreased by
one half.

The reflection-type photosensor according to the
present invention is not limited to the aforementioned
materials and dimensions.

As described above, since the reflection-type photo-
sensor according to the invention can be miniaturized
and made thin, it 1s capable of complying fully with
current requirements that electronic parts be designed
thin and small. The manufacturing process can be facili-
tated and the quantity of resin needed can also be de-
creased according to the invention, to attain a reflec-
tion-type photosensor adaptable to mass production at a
low cost.

We claim:

1. A reflection-type photosensor comprising:

first, second, third and fourth leads aligned in a first
plane and in parallel with each other, said first and
third leads having pellet mounting surfaces dis-
posed substantially in said first plane;

a light emitting pellet mounted on said mounting
surface of said first lead and connected to said
second lead: |

a light detecting pellet mounted on said mounting
surface of said third lead and connected to said
fourth lead, each of said light emitting pellet and
light detecting pellet having a pair of major sur-
faces and side surfaces exiending therebetween,
one of said major surfaces being mounted to a pel-
let mounting surface; and

a substantially U-shaped body of a single resin mold-
ing encapsulating said light emitting pellet and said
detecting pellet with said, first, second, third and
fourth leads such that said first, second, third and
fourth leads are all led out from the same surface of
sald body, said body defining two spaced arms
having facing surfaces separated by a gap, and a
bridge portion for bridging a part of said gap to
connect said arms to one another, a first of said
arms housing said light emitting pellet such that
one of said facing surfaces is opposed to one of said
side surfaces of said light detecting pellet, a second
of said arms housing said light detecting pellet such
that the other of said facing surfaces is opposed to
one of said side surfaces of said light detecting
pellet, said body further having first and second
lenses at outer edge portions of said facing surfaces,
said first lens having a first optical axis aligned
substantially in said first plane such that the light
emitted from side surfaces of said light emitting
pellet is directed outside of said gap, said second
lens having a second optical axis aligned substan-

- tiaily in said first plane and being crossed with said
first optical axis such that the light coming from
outside said gap is directed toward said side surface
~of said light detecting pellet.

2. The reflection-type photosensor as claimed in
claim 1, wherein said mounting surfaces of said first and
third leads are made thin to define adjacent thicker
peripheral stair wall portions for reflecting light di-
rected thereto. ' -

3. The reflection-type photosensor as claimed in
claim 1, wherein at least said facing surfaces having a
higher surface roughness than surfaces of said first and
second lenses.

4. The reflection-type photosensor as claimed in
claimm 3, wherein said facing surfaces disperse light inci-
dent thereto.
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5. The reflection-type photosensor as claimed in
claim 1, wherein said resin is transparent to infrared
light but blocks visible light.

6. The reflection-type photosensor as claimed in
claim 2, wherein said reflective stair wall portions are 5
formed on two adjoining edges of said mounting sur-

faces.

7. In a reflection-type photosensor comprising a sub-
stantially U-shaped body of a molded resin, said body
defining two spaced arms having facing surfaces sepa- 10

6

element mounting portion and said major flat sur-
face of said first element mounting portion being
substantially at the same level, said first flat lead
member having a first reflective wall at a step be-
tween said major flat surface of said first element
mounting portion and said surface of said first lead-
out portion, said second flat lead member having a

second reflective wall at a step between said major
flat surface of said first element mounting portion
and said surface of said first lead-out portion, a

rated by a gap, and a bridge portion for bridging a part “third flat lead member disposed between said first

of said gap to connect said arms to one another; a first

of said arms housing first and second leads connected to

a light emitter, and a second of said arms having third
and fourth leads connected to a light detector, a first 15
light directing means for directing light from said emit-
ter toward a reflective object located outside of said
gap, second light directing means for directing light
reflected from said reflective object toward said detec-
tor; the improvement wherein said first, second, third 20
and fourth leads are juxtaposed in a first plane perpen-
dicular to said facing surfaces and are directly molded
within a single resin molding which is transparent to
infrared light but blocks visible light, said first and sec-
ond light directing means comprising first and second 25
molded resin lenses formed on said first and second
arms, respectively, via said single resin molding and
having intersecting optical axes disposed substantially

in said first plane, and said facing surfaces having a
roughness sufficient to disperse light incident thereto. 30

8. A reflection-type photosensor, comprising:

a first flat lead member having a first lead-out portion
elongated substantially in a first direction and a first
element mounting portion extending from one end
of said first lead-out portion in a second direction 35

~ substantially perpendicular to said first direction,
said first element mounting portion having a major
flat surface which 1s in parallel with a surface of
sald first lead-out portion and is positioned at a
level lower than said surface of said first lead-out 40
portion, a second flat lead member disposed on that
side of said first flat lead member from which said
first element mounting portion is extended and
having a second lead-out portion elongated sub-
stantially in said first direction and a second ele- 45
ment mounting portion extending from one end of
sald second lead-out portion in said second direc-
tion toward said first element mounting portton,
sald second element mounting portion having a
major flat surface which is in parallel with a surface 50
of said second lead-out portion and is positioned at
a level lower than said surface of said second lead-
out portion, said major flat surface of said second

55
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and second lead members and having a third lead-
out portion elongated along said first lead-out por-
tion and substantially in said first direction and a
first wire-bonding portion at one end of said third
lead-out portion located adjacent to said first ele-
ment mounting portion such that said first wire-
bonding portion i1s spaced from said first element

- mounting portion in said first direction, a fourth

flat lead member disposed between said second and
third lead members and having a fourth lead-out
portion elongated along said second lead-out por-
tion and substantially in said first direction and a
second wire-bonding portion at one end of said
fourth lead-out portion located adjacent to said
second element mounting portion such that said
second wire-bonding portion i1s spaced apart from
sald second element mounting portion in said first
direction, all of said first, second, third and fourth
lead members being disposed substantially in the
same plane, a light emitting pellet mounted on said
major flat surface of said first element mounting
portion such that one side end of said light emitting
pellet is opposed to said first reflective wall, a first
bonding wire electrically connecting said light
emitting pellet to said first wire-bonding portion, a
light detecting pellet mounted on said major flat
surface of said second element mounting portion
such that one side end of said light detecting pellet
is opposed to said second reflective wall, a gener-
ally U-shaped body of a molded resin, said body
defining two spaced arms having facing surfaces
separated by a gap, and a bridge portion for bridg-
ing a part of said gap to connect said arms to one
another, a first of said arms housing said first and
third lead members and said light emitting pellet,
and a second of said arms housing said second and
fourth lead members of said light detecting pellet,
first and second lenses respectively formed on said
first and second arms and having intersecting opti-
cal axes, said facing surfaces having a roughness

sufficient to disperse light incident thereto.
. S S *¥ X
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,833,318
DATED : MAY 23, 1989
INVENTOR(S) : VYONFKURAZ et al. |

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below: '

Column 1, line 18, delete "pir" and insert --pair--.

Column 2, line 56, delete "plate" and 1lnsert --plane--.

Column 4, line 43, delete "detecting"” and insert
--emitting--. :

Signed and Sealed this
Sixth Day of February, 1990

Attest:

JEFFREY M. SAMUELS

Attesting Officer Acting Commissioner of Patents and Trademarks

’




	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

